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(54) FUEL INJECTION CONTROL DEVICE OF ENGINE 
(57)Abstract 

PROBLEM TO BE SOLVED: To stabilize the improvement of engine 
starting performance and to reduce the exhaust emission by feeding a 
fuel by a quantity suitable for the size of the friction to an appropriate 

cylinder. , . . , 

SOLUTION: An electronic control unit ECU 30 constituting the fuel 
injection control device discriminates positions of cylinders #1-#6 in a 
series of related processes based on the rotation angle of a crankshaft 4 
detected continuously by a cylinder discrimination sensor 25. and 
specifies a cylinder to inject the fuel at the start of the engine. The ECU 
30 also calculates the angle speed of the crankshaft based on the 
detected rotation angle and calculates the injection quantity at the start 
of the engine based on the result of the calculation and the temperature 
of cooling water detected by a water temperature sensor 26. Then the 
ECU 30 controls a corresponding injector 7 to inject the fuel only by the 
calculated quantity at the start of the engine to the specified cylinder. 
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(54) FUEL INJECTION CONTROL DEVICE OF ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stabilize the 
improvement of engine starting performance and to 
reduce the exhaust emission by feeding a fuel by a 
quantity suitable for the size of the friction to an 
appropriate cylinder. 

SOLUTION: An electronic control unit ECU 30 
constituting the fuel injection control device discriminates 
positions of cylinders #1-#6 in a series of related 
processes based on the rotation angle of a crankshaft 4 
detected continuously by a cylinder discrimination sensor 
25, and specifies a cylinder to inject the fuel at the start 
of the engine. The ECU 30 also calculates the angle 
speed of the crankshaft based on the detected rotation 
angle and calculates the injection quantity at the start of 

the engine based on the result of the calculation and the temperature of cooling water 
detected by a water temperature sensor 26. Then the ECU 30 controls a corresponding 
injector 7 to inject the fuel only by the calculated quantity at the start of the engine to the 
specified cylinder. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It follows on rotation of a crankshaft. A series of inhalation-of-air lines by each of two or 
more gas columns It is prepared in the engine with which a compression stroke and an expansion line 
operate so that it may repeat like an exhaust air line successively. The angle-of-rotation detection means 
for being the fuel-injection control unit which controls a fuel-injection means, in order to supply a fuel 
to said each gas column, and detecting the angle of rotation of said crankshaft continuously, The 
injection gas column specification means for specifying the gas column which should distinguish the 
location on said a series of strokes which start said each gas column based on said angle of rotation 
detected at the time of starting of said engine, and should inject a fuel, The angular-velocity calculation 
means for computing the angular velocity of said crankshaft based on said angle of rotation detected, In 
order to supply a fuel to an injection-quantity calculation means and said gas column specified at the 
time of starting for computing the injection quantity based on said angular velocity computed at the time 
of starting The fuel-injection control unit of the engine characterized by having an injection control 
means at the time of starting which controls said fuel-injection means based on the injection quantity at 
the time of said starting computed. 

[Claim 2] It is the fuel-injection control unit of the engine according to claim 1 which is equipped with 
the standby detection means for detecting the standby of said engine, and is characterized by an 
injection-quantity calculation means computing the injection quantity based on said angular velocity 
computed and said standby detected at the time of starting at the time of said starting. 
[Claim 3] While said angle-of-rotation detection means detects the angle of rotation of said crankshaft 
continuously The linear sensor of the pair which has the opposite output characteristics mutually to the 
hand of cut of said crankshaft is included. Said injection gas column specification means Based on the 
output sum of said both linears sensor, it judges whether said each linear sensor is unusual. When the 
judgment result is not unusual The fuel-injection control unit of the engine according to claim 1 or 2 
characterized by distinguishing the location on said a series of strokes which start said each gas column 
based on the output of one [ said ] linear sensor. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the engine with which a compression stroke and an 
expansion line operate so that a series of inhalation-of-air lines by each of two or more gas columns may 
repeat like an exhaust air line successively with rotation of a crankshaft, and relates to the fuel-injection 
control unit which controls the fuel injection at the time of engine starting especially. 
[0002] 

[Description of the Prior Art] Conventionally, there is a multiple cylinder engine of the reciprocating 
type with which a compression stroke and an expansion line operate so that it may repeat like an exhaust 
air line successively for every gas column including two or more gas columns as a series of inhalation- 
of-air lines. As this kind of an engine, in order to acquire desired operational status, there are some 
which controlled the fuel injection to each gas column. 

[0003] In order to perform such fuel-injection control, it is necessary to distinguish the location on a 
series of strokes concerning each gas column, therefore gas column distinction equipment is used. 
Generally with this gas column distinction equipment, the "crank angle standard sensor" which outputs a 
reference phase signal, and the "crank angle sensor" which outputs a crank angle signal in order to detect 
engine rotation in a detail are used, the electromagnetism which consists of for example, a timing rotor 
and the pick up coil as both sensors - there is a thing of a pickup method. 

[0004] There are some which output a reference phase signal (pulse signal) near the compression top 
dead center of a specific gas column in a crank angle standard sensor. The compression top dead center 
of a specific gas column is detectable with this reference phase signal. On the other hand, there are some 
which are made to generate a pulse signal for every predetermined include angle per cam-shaft 1 
rotation, and output intermittently the angle-of-rotation signal for every predetermined crank angle by 
rotation of a timing rotor with two or more gear teeth in a crank angle sensor. The angular position with 
a fine cam shaft is detectable with this angle-of-rotation signal. Moreover, he is trying to distinguish the 
location on a series of strokes from both signals about all gas columns. 

[0005] However, with said conventional gas column distinction equipment, the compression top dead 
center of a specific gas column was undetectable until the crankshaft rotated and the reference phase 
signal was outputted. For this reason, at the time of engine starting, the gas column which should 
perform fuel injection first was not able to be specified correctly. Therefore, asynchronous fuel injection 
will be performed all at once in all gas columns until it generally specifies the gas column which 
performs fuel injection first, a fuel will be vainly supplied even to the gas column which does not start 
like an inhalation-of-air line, and there was a problem in respect of engine startability or exhaust air 
emission. 

[0006] Then, in order to perform gas column distinction from the beginning at the time of engine 
starting, the gas column distinction equipment which can perform gas column distinction before a 
crankshaft begins to rotate is needed. The gas column distinction equipment which detects the angle of 
rotation of a crankshaft continuously and performs gas column distinction as this kind of gas column 
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distinction equipment is proposed. 

[0007] For example, the gas column distinction equipment which used the potentiometer is indicated by 
JP,7-208251,A. with this g as column distinction equipment, performing gas column distinction based 
on the signal outputted according to the angle of rotation of a crankshaft per each gas column is 
suggested. 

[0008] Moreover, the gas column distinction equipment using the resolver prepared in the motor of a 
hybrid car is indicated by JP,2000-320390,A. With this gas column distinction equipment, performing 
gas column distinction based on the absolute value of the angle of rotation of the crankshaft detected by 
the resolver is suggested. Here, with a resolver, it has the eccentric disk fixed to the revolving shaft of 
Rota, and the sensor section prepared near [ the ] the disk, and the sensor section outputs the signal 
according to distance with a disk periphery. Based on this output signal, the absolute value of the angle 
of rotation of the crankshaft which rotates in one with Rota is computed, and gas column distinction is 
performed from that absolute value. 

[0009] Thus, if the gas column distinction equipment which detects the angle of rotation of a crankshaft 
continuously and performs gas column distinction is used, the gas column which should perform fuel 
injection from the beginning at the time of engine starting can be specified correctly. It is lost that a fuel 
is vainly supplied even to the gas column which does not start like an inhalation-of-air line by this, and 
it becomes possible to aim at an improvement of engine startability and exhaust air emission in the 
semantics. 
[0010] 

[Problem(s) to be Solved by the Invention] However, with the conventional engine, the friction about 
moving parts, such as a piston and a connecting rod, until a crankshaft begins to carry out stable rotation 
at the time of the starting may affect engine startability. for this reason, the gas column distinction 
equipment of an official report had been used since said each **, and even if it specified correctly the 
gas column which should be injected first and performed fuel injection, to the injection gas column after 
the first time, the fuel of the amount corresponding to the magnitude of friction was not able to be 
supplied. 

[001 1] Here, generally, although the fuel oil consumption at the time of engine starting will be 
determined according to the standby, there is no change in the fuel oil consumption being an amount of 
the hope, and fuel oil consumption according to the magnitude of the friction which changes by 
variation, aging, etc. of an object cannot be determined, for this reason, even if it had controlled the fuel 
injection at the time of starting since said each ** using the gas column distinction equipment of an 
official report, since excess and deficiency arose in the fuel quantity supplied to a specific gas column 
strictly, a possibility that variation might arise in engine startability was in it. 

[0012] This invention is made in view of the above-mentioned situation, and that purpose is in offering 
the fuel-injection control unit of the engine which made it possible to aim at stabilization of the 
improvement in startability of an engine, and reduction of exhaust air emission by supplying the fuel of 
the amount which balanced the magnitude of friction to the proper gas column at the time of engine 
starting. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention according to 
claim 1 It follows on rotation of a crankshaft. A series of inhalation-of-air lines by each of two or more 
gas columns It is prepared in the engine with which a compression stroke and an expansion line operate 
so that it may repeat like an exhaust air line successively. The angle-of-rotation detection means for 
being the fuel-injection control unit which controls a fuel-injection means, in order to supply a fuel to 
each gas column, and detecting the angle of rotation of a crankshaft continuously, The injection gas 
column specification means for specifying the gas column which should distinguish the location on a 
series of strokes which start each gas column based on the angle of rotation detected at the time of 
engine starting, and should inject a fuel, In order to supply a fuel to an injection-quantity calculation 
means and the gas column specified at the time of the angular- velocity calculation means for computing 
the angular velocity of a crankshaft based on the angle of rotation detected, and starting for computing 
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the injection quantity based on the angular velocity computed at the time of starting Let it be the 
meaning to have had the injection control means at the time of starting which controls a fuel-injection 
means based on the injection quantity at the time of starting computed. 

[0014] According to the configuration of the above-mentioned invention, the gas column which the 
location on a series of strokes which start each gas column based on the angle of rotation of the 
crankshaft detected continuously with an angle-of-rotation detection means is distinguished, and should 
inject a fuel with an injection gas column specification means is specified at the time of engine starting. 
Moreover, based on the above-mentioned angle of rotation by which detection is carried out, the angular 
velocity of a crankshaft is computed by the angular- velocity calculation means, and the injection 
quantity is computed at the time of starting which balanced the magnitude of friction with the injection- 
quantity calculation means based on the computed angular velocity at the time of starting. And in order 
to supply a fuel to the above-mentioned gas column by which specification is carried out, based on the 
injection quantity, a fuel-injection means is controlled by the injection control means at the time of 
starting at the time of the above-mentioned starting by which calculation is carried out. Therefore, at the 
time of engine starting, when a crankshaft begins to rotate, while a fuel is supplied from from to the 
proper gas column which starts like an inhalation-of-air line, the fuel of the amount which balanced the 
magnitude of engine friction to the same proper gas column is supplied. 

[0015] In order to attain the above-mentioned purpose, invention according to claim 2 is equipped with 
the standby detection means for detecting engine standby in invention according to claim 1, and an 
injection-quantity calculation means makes it the meaning to compute the injection quantity based on 
the angular velocity computed and the standby detected at the time of starting at the time of starting. 
[0016] According to the configuration of the above-mentioned invention, unlike invention according to 
claim 1, the injection quantity is computed at the time of starting which balanced the engine magnitude 
and the standby of friction with the injection-quantity calculation means based on the above-mentioned 
angular velocity by which calculation is carried out, and the standby detected at the time of starting. And 
in order to supply a fuel to the gas column specified, based on the injection quantity, a fuel-injection 
means is controlled by the injection control means at the time of starting at the time of the above- 
mentioned starting by which calculation is carried out. Therefore, at the time of engine starting, when a 
crankshaft begins to rotate, while a fuel is supplied from from to the proper gas column which starts like 
an inhalation-of-air line, the fuel of the amount corresponding to the engine magnitude and the standby 
of friction is supplied. 

[0017] In order to attain the above-mentioned purpose, invention according to claim 3 In invention 
according to claim 1 or 2 an angle-of-rotation detection means While detecting the angle of rotation of a 
crankshaft continuously, the linear sensor of the pair which has the opposite output characteristics 
mutually to the hand of cut of a crankshaft is included. An injection gas column specification means 
Based on the output sum of both the linears sensor, it judges whether each linear sensor is unusual, and 
when the judgment result is not unusual, let it be the meaning to distinguish the location on a series of 
strokes which start each gas column based on the output of one linear sensor. 
[0018] According to the configuration of the above-mentioned invention, the same operation as 
invention according to claim 1 or 2 is acquired by specifying concretely the configuration of an angle- 
of-rotation detection means and an injection gas column specification means. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of the 1 operation which materialized the fuel- 
injection control unit of the engine of this invention is explained to a detail with reference to a drawing. 
[0020] The outline block diagram of the gasoline engine system carried in the automobile is shown in 
drawing 1 . This engine 1 is a Taki cylinder reciprocating type thing which has well-known structure, 
and is a tandem-type six cylinder engine containing 1 No. gas column #1-6 No. gas column #6 with the 
gestalt of this operation, the fuel with which an engine 1 is supplied through the inhalation-of-air path 2, 
and air, i.e., a combustible gas mixture, ~ each - by making it bum in the combustion chamber of gas 
column #l-#6, and making the exhaust gas after the combustion discharge through a flueway 3, a piston 
(not shown) is operated, a crankshaft 4 is rotated and driving force is taken out. Here, as for an engine 1, 
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with rotation of a crankshaft 4, a compression stroke and an expansion line operate each piston so that a 
series of inhalation-of-air lines may repeat like an exhaust air line successively for every gas column. 
[0021] the throttle valve 5 prepared in the inhalation-of-air path 2 - this path 2 -- flowing - each - it is 
opened and closed in order to adjust the air content (inspired air volume) Qa inhaled by gas column #1- 
#6. This bulb 5 is interlocked with actuation of the accelerator pedal 6 prepared in the driver's seat, and 
operates. The throttle sensor 21 formed in the throttle valve 5 detects the opening (throttle opening) TA 
of this bulb 5, and outputs the electrical signal according to that detection value. The intake-pressure 
sensor 22 formed in the inhalation-of-air path 2 detects MAP PM in the down-stream inhalation-of-air 
path 2 from a throttle valve 5, and outputs the electrical signal according to the detection value. 
[0022] each - two or more injectors 7 formed in the suction port corresponding to gas column #l-#6 - 
each - it is for carrying out injection supply of the fuel corresponding to gas column #l-#6, and is 
equivalent to the fuel-injection means of this invention. These injectors 7 are formed in one delivery 
pipe 8. The delivery pipe 8 is for distributing the fuel fed from a fuel tank 9 to each injector 7. 
[0023] each ~ two or more ignition plugs 10 prepared in the engine 1 corresponding to gas column #1- 
#6 operate in response to the ignition signal distributed by the distributor 1 1. A distributor 1 1 distributes 
the high voltage outputted from an ignitor 12 to each point fire plug 10 corresponding to change of the 
angle of rotation of a crankshaft 4, i.e., a "crank angle", (degreeCA). The actuation stage of each point 
fire plug 10, i.e., ignition timing, is determined by the output timing of the high voltage outputted from 
an ignitor 12. therefore, the thing for which an ignitor 12 is controlled ~ each - the ignition timing by 
each point fire plug 10 in gas column #l-#6 is controlled. 

[0024] the oxygen sensor 23 formed in the flueway 3 - each - the oxygen density Ox in the exhaust gas 
discharged from gas column #l-#6 at this path 3 is detected, and the electrical signal according to the 
detection value is outputted. 

[0025] The rotational-speed sensor 24 prepared for the distributor 1 1 detects the angular velocity NE of 
a crankshaft 4, i.e., an engine speed, and outputs the electrical signal according to the detection value. 
With the gestalt of this operation, a distributor 1 1 is formed corresponding to the cam shaft (illustration 
abbreviation) of the engine 1 which is interlocked with a cam shaft 4 and rotates. While rotation of a 
cam shaft is interlocked with and rotating, Rota (illustration abbreviation) which has two or more gear 
teeth on a periphery is built in a distributor 1 1 . the electromagnetism by which opposite arrangement of 
the rotational-speed sensor 24 was carried out at the periphery of this Rota and Rota - it has pickup 
(illustration abbreviation), rotation of this Rota - following - electromagnetism - whenever pickup 
detects passage of each gear tooth, one pulse signal is outputted from the rotational-speed sensor 24. 
With the gestalt of this operation, one pulse signal is outputted for a crank angle from the rotational- 
speed sensor 24 for every 30-degreeCA ****. the gestalt of this operation - the rotational-speed sensor 

24 - the angle of rotation of a crankshaft 4 - "- it is detected by every 30-degreeCA." 
[0026] Near the distributor 1 1, the gas column distinction sensor 25 for detecting a crank angle 
continuously is formed. With the gestalt of this operation, the angle-of-rotation signals VI and V2 
according to change of a crank angle are continuously outputted from the gas column distinction sensor 

25 in the range of 0-720-degreeCA as what a crankshaft 4 will rotate two times by the time all of 1 No. 
gas column #1-6 No. gas column #6 are completed like an expansion line one by one. With the gestalt of 
this operation, the gas column distinction sensor 25 is equivalent to the angle-of-rotation detection 
means of this invention. 

[0027] It is prepared in an engine 1, and a coolant temperature sensor 26 detects the temperature 
(cooling water temperature) THW of the cooling water which flows the interior of an engine 1, and 
outputs the electrical signal according to the detection value. With the gestalt of this operation, a coolant 
temperature sensor 26 is equivalent to the standby detection means for detecting the standby of an 
engine 1. 

[0028] Here, the gas column distinction sensor 25 is explained in detail. The gas column distinction 
sensor 25 contains the non-contact type linear sensors 31 and 32 which make a pair. In order to detect 
the angle of rotation of a crankshaft 4 continuously, each linear sensors 3 1 and 32 are formed on the cam 
shaft 33 (reference, such as drawing 2 ) which is interlocked with this shaft 4 and rotated, and have the 
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opposite output characteristics mutually to the hand of cut of a crankshaft 4. 
[0029] The front view of the gas column distinction sensor 25 is shown in drawing 3 , and the side 
elevation of the gas column distinction sensor 25 is shown for the perspective view of the gas column 
distinction sensor 25 in drawing 4 at drawing 2 , respectively. Each linear sensors 31 and 32 are 
equipped with the eccentric boards 31a and 32a fixed on the cam shaft 33 , and the detecting elements 
31b and 32b prepared near these eccentricity boards 31a and 32a in the gas column distinction sensor 
25. Each eccentric boards 3 la and 32a consist of the magnetic substance, and they are prepared on a cam 
shaft 33 so that spiral shape may be made. Each eccentric boards 31a and 32a are constituted so that the 
distance from the core of the cam shaft 33 of the peripheral face may be increased or decreased 
gradually. That is, the configuration in which nothing and eccentric board 32a of another side increase 
the above-mentioned distance gradually along the above-mentioned hand of cut in the configuration in 
which one eccentric board 31a decreases the above-mentioned distance gradually with a certain criteria 
location P as the starting point along drawing 2 and the hand of cut which shows 4 by the arrow head is 
made. Each detecting elements 31b and 32b consist of coils, and opposite arrangement is carried out 
with the predetermined gap GA from the corresponding peripheral face of the eccentric boards 31a and 
32a. This gap GA is followed on each eccentric boards 3 la and 32a rotating with rotation of a cam shaft 
33, and decreases or increases gradually. For example, in one linear sensor 32, when eccentric board 32a 
rotates to the counterclockwise rotation shown by the arrow head from the condition shown in drawing 

5 , a gap GA increases gradually and returns to min again after 1 rotation. At this time, it breaks out by 
the linear sensor 31 of another side that it is contrary to the above about change of a gap GA. The flux 
density between the eccentric boards 31a and 32a and detecting elements 31b and 32b changes, and the 
eddy current generated in detecting elements 31b and 32b changes from change of these gaps GA. Each 
linear sensors 31 and 32 output the electrical potential difference accompanying this eddy current as a 
detecting signal. Here, in the eccentric boards 31a and 32a of both the linears sensors 31 and 32, change 
of nothing and the above-mentioned gap GA becomes the opposite mutually about the spiral shape of 
the reverse sense. By this, both the linears sensors 31 and 32 will have the opposite output 
characteristics mutually to the hand of cut of a cam shaft 33. That is, as shown in the graph of drawing 

6 , the angle-of-rotation signal V2 whose angle-of-rotation signal VI which is the output voltage of one 
linear sensor 3 1 is the output voltage of the linear sensor 32 of another side to increasing to a linear as a 
crank angle shows a continuous line, while only 0-720 deg changes decreases to a linear, as a broken 
line shows. 

[0030] In the gestalt of this operation, the throttle sensor 21, the intake-pressure sensor 22, an oxygen 
sensor 23, the rotational-speed sensor 24, the above-mentioned gas column distinction sensor 25, and 
above-mentioned coolant temperature sensor 26 grade are equivalent to the operational status detection 
means for detecting the operational status of an engine 1. 

[0031] Each injector 7 mentioned above, the delivery pipe 8, and fuel tank 9 grade constitute a fuel 
supply system. A fuel tank 9 stores fuels, such as a gasoline. The electromotive fuel pump 13 built in the 
fuel tank 9 pumps up and carries out the regurgitation of the fuel in this tank 9. The fiiel pipe 14 
connected to the regurgitation port side of a fuel pump 13 is connected to the delivery pipe 8 through a 
fuel filter 15. Here, after a foreign matter is removed by the fuel filter 15, the fuel breathed out from the 
fuel pump 13 to the fuel pipe 14 is fed to the delivery pipe 8, and is distributed to each injector 7. the 
fuel distributed to each injector 7 - these injectors 7 - a suction port - injection - each — gas column 
#l-#6 will be supplied. 

[0032] The warning lamp 16 formed in the driver's seat is for switching on the light, when abnormalities 
occur in the component of an engine 1, and warning an operator of generating of the abnormality. 
[0033] With the gestalt of this operation, an electronic control (ECU) 30 inputs the various signals 
outputted from the throttle sensor 21 mentioned above, the intake-pressure sensor 22, an oxygen sensor 
23, the rotational-speed sensor 24, the gas column distinction sensor 25, and coolant temperature sensor 
26 grade. ECU30 controls each injector 7, an ignitor 12, and warning lamp 16 grade, respectively, in 
order to perform fuel-injection control, ignition timing control, etc. based on these input signals at the 
time of the usual fuel-injection control including Air Fuel Ratio Control, and starting. 
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[0034] Here, "the usual fuel-injection control" is controlling the fuel quantity (fuel oil consumption) 
injected from each injector 7 according to the operational status of an engine 1, and its injection timing. 
That is, "the usual fuel-injection control" computes the basic injection quantity from the value of an 
engine speed NE and inspired air volume Qa, amends the value of the basic injection quantity with the 
parameter of others, such as the cooling water temperature THW, and acquires the value of the last 
injection quantity. And it is controlling each injector 7 based on the value of the last injection quantity. 
"Air Fuel Ratio Control" is carrying out feedback control of the air-fuel ratio of air and a fuel based on 
the detection value of an oxygen sensor 23 at least in "the usual fuel-injection control." "It is fuel- 
injection control at the time of starting" is controlling injection timing on the occasion of the cranking at 
the time of the injection quantity and starting at the time of starting from each injector 7 at the time of 
starting of an engine 1. "Ignition timing control" is controlling the ignition timing by each point fire plug 
10 by controlling an ignitor 12 according to the operational status of an engine 1. 
[0035] With the gestalt of this operation, ECU30 is equivalent to an injection control means at the time 
of an injection-quantity calculation means and starting at the time of the injection gas column 
specification means of this invention, an angular-velocity calculation means, and starting. This ECU30 
is equipped with the well-known configuration which consists of a central processing unit (CPU), a 
read-only memory (ROM), random access memory (RAM), backup RAM, etc. ROM has memorized 
beforehand the predetermined control program concerning the various control mentioned above. ECU 
(CPU)30 performs various control mentioned above according to these control programs. 
[0036] Starting system is formed in an engine 1. The starting system of the gestalt of this operation is 
equipped with the starter motor 17, the flywheel 18 prepared in the crankshaft 4, and an ignition switch 
(IG/SW) 19. Drive connection of the star motor 17 is carried out through a pinion etc. to the ring gear 
prepared in the flywheel 18. The starter motor 17 is connected to a dc-battery 20 through an ignition 
switch 19. Starting-switch 17a prepared in the starter motor 17 is connected to ECU30. ECU30 is 
connected to a dc-battery 20 through an ignition switch 19. Therefore, power is supplied to ECU30 and 
the starter motor 17 from a dc-battery 20 by carrying out ON actuation of the ignition switch 19. When 
the starter motor 17 is turned on by this supply voltage, turning effort is given to a crankshaft 4 through 
a ring gear and a flywheel 18, and cranking of an engine 1 is performed. While the starter motor 17 is 
turned on by this cranking, ON signal which shows that is outputted to ECU30 from starting-switch 17a. 

[0037] Next, the contents of processing of injection control are explained in detail among the various 
control which ECU30 performs at the time of starting. 

[0038] The "abnormality judging manipulation routine" about the gas column distinction sensor 25 is 
shown in a flow chart at drawing 7 . ECU30 performs this routine, whenever ON actuation of the 
ignition switch 19 is carried out. 

[0039] If processing shifts to this routine, ECU30 will read the value of the electrical potential 
difference (battery voltage) VB of a dc-battery 20 at step 100. 

[0040] Next, ECU30 judges whether read battery voltage VB is more than predetermined value El (for 
example, "8V") at step 110. When this decision result is negation, ECU30 ends subsequent processing as 
a thing without enough battery voltage VB. When this decision result is affirmation, as for ECU30, 
battery voltage VB fully shifts processing to step 120 as a certain thing. 

[0041] At step 120, ECU30 reads the value of the angle-of-rotation signal VI which is the output 
voltage from one linear sensor 31 of the gas column distinction sensor 25. 

[0042] Next, ECU30 reads the value of the angle-of-rotation signal V2 which is the output voltage from 
the linear sensor 32 of another side of the gas column distinction sensor 25 at step 130. 
[0043] And ECU30 computes the total value V12 of the two above-mentioned angle-of-rotation signals 
VI and V2 at step 140. If both two linear sensors 31 and 32 are normal since two angle-of-rotation 
signals VI and V2 show the opposite output characteristics mutually as shown in drawing 6 , as a two- 
dot chain line shows, even if the total value V12 of two angle-of-rotation signals VI and V2 shows 
constant value or permits some errors, it will show the value near it. 

[0044] Next, ECU30 judges whether the computed total value VI 2 is more than predetermined value E2 



http ://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejj e 



12/19/2007 



JP,2003-239790,A [DETAILED DESCRIPTION] 



Page 7 of 11 



(for example, "4.5V") at step 150. When this decision result is negation, ECU30 shifts processing to step 
170 as what has fear of abnormalities in the gas column distinction sensor 25. When this decision result 
is affirmation, ECU30 shifts processing to step 160 as what fear of abnormalities does not have in the 
gas column distinction sensor 25. 

[0045] Next, ECU30 judges whether the computed total value V12 is under the predetermined value E3 
(for example, "5.5V 11 ) at step 160. When this decision result is negation, ECU30 shifts processing to step 
170 as what has fear of abnormalities in the gas column distinction sensor 25. When this decision result 
is affirmation, ECU30 ends subsequent processing as what abnormalities do not have in the gas column 
distinction sensor 25. 

[0046] It judges whether the condition that shifted from step 150 or step 160, and ECU30 had fear of 
abnormalities at step 170 on the other hand continued only predetermined time (for example, "100 ms"). 
And when this decision result is negation, ECU30 ends subsequent processing as what abnormalities do 
not have in the gas column distinction sensor 25. When this decision result is affirmation, ECU30 shifts 
processing to step 180 as what has abnormalities in the gas column distinction sensor 25. That is, 
ECU30 judges with each linear sensors 31 and 32 being unusual, when the sum (total value V12) of the 
output signal (angle-of-rotation signals VI and V2) of the detecting elements 31b and 32b of both the 
linears sensors 31 and 32 deviates from a predetermined value (E3>V12 >=E2). 
[0047] And at step 180, ECU30 performs abnormality judging processing in a sensor, and ends 
subsequent processing. In order to record that ECU30 has abnormalities in the gas column distinction 
sensor 25 as this processing, an abnormality judging flag is set as "1." Moreover, in order to enable it to 
use at the time of repair check of an engine 1, ECU30 memorizes an abnormality judging code to 
Backup RAM. Furthermore, in order to warn an operator of abnormalities being in the gas column 
distinction sensor 25, ECU30 makes the warning lamp 16 turn on. 

[0048] With the gestalt of this operation, ECU30 which performs the above "an abnormality judging 
manipulation routine" is equivalent to the abnormality judging means forjudging whether each linear 
sensors 31 and 32 are unusual based on the output sum of both the linears sensors 31 and 32. 
[0049] A "gas column distinction manipulation routine" is shown in a flow chart at drawing 8 . ECU30 
performs this routine periodically for every predetermined time. 

[0050] If processing shifts to this routine, at step 200, ECU30 will wait to turn on an ignition switch (1 
G/SW) 19, and will shift processing to step 210. 

[0051] At step 210, it judges whether ECU30 has an undecided crank angle at present. When this 
decision result is negation, ECU30 ends subsequent processing as what the crank angle has already 
decided. When this decision result is affirmation, in order to decide a crank angle, processing is shifted 
to step 220. 

[0052] At step 220, ECU30 judges whether only predetermined time (for example, "100ms") passed, 
after an ignition switch 19 is turned on. When this decision result is negation, ECU30 ends subsequent 
processing as that whose output voltage of the gas column distinction sensor 25 is not yet stable. When 
this decision result is affirmation, ECU30 shifts processing to step 230 as that by which the output 
voltage of the gas column distinction sensor 25 was stabilized. 

[0053] At step 230, ECU30 judges whether the gas column distinction sensor 25 is unusual. This 
judgment is made based on the judgment result by the "abnormality judging manipulation routine" 
mentioned above. When this decision result is negation, ECU30 ends subsequent processing as what has 
abnormalities in the gas column distinction sensor 25. When this decision result is affirmation, ECU30 
shifts processing to step 240 as what abnormalities do not have in the gas column distinction sensor 25. 
[0054] At step 240, ECU30 computes the average AVI by annealing the value of the angle-of-rotation 
signal VI from one linear sensor 31 of the gas column distinction sensor 25, and carrying out 
equalization processing by processing. 

[0055] Next, at step 250, ECU30 judges whether it is less than predetermined time (for example, 
"150ms"), after an ignition switch 19 is turned on. When this decision result is affirmation, since 
sufficient time amount required for a judgment has not passed, ECU30 ends subsequent processing. 
When this decision result is negation, ECU30 shifts processing to step 260 as that in which sufficient 
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time amount required for a judgment passed. 

[0056] At step 260, ECU30 changes the average AVI concerning the computed angle-of-rotation signal 
VI into a crank angle. ECU30 performs this conversion by referring to a predetermined map. For 
example, ECU30 changes the average AVI into a crank angle by referring to a map as shown in drawing 

9 (a) and (b). * . e . , , , 

[0057] And at step 270, ECU30 performs gas column distinction before starting of an engine 1, and ends 
subsequent processing, namely, -- from the value of the crank angle from which ECU30 was changed -- 
each - a compression stroke and an expansion line distinguish the location in the top like an exhaust air 
line for a series of inhalation-of-air lines concerning gas column #l-#6. for example, the thing for which 
ECU30 refers to a map as shown in drawing 9 (a) and (b) -- from a crank angle -- each -- the condition 
of gas column #l-#6 is distinguished, namely, ECU30 -- the output signal (rotation each signal VI) of 
detecting-element 31b of one linear sensor 31 -- being based -- the absolute value (crank angle) of the 
angle of rotation of a crankshaft 4 computing -- from the absolute value (crank angle) -- each -- the 
location on a series of strokes concerning gas column #l-#6 is distinguished. 

[0058] time ECU0 which performs the above "a gas column distinction manipulation routine" with the 
gestalt of this operation does not have an unusual judgment result about the gas column distinction 
sensor 25 -- the output of one linear sensor 3 1 -- being based -- each -- it is equivalent to the injection 
gas column specification means of this invention which distinguishes the location on a series of strokes 
concerning gas column #l-#6. 

[0059] "It is an injection control manipulation routine at the time of starting" is shown in a flow chart at 
drawing 10 . ECU30 performs this routine periodically for every predetermined time. 
[0060] If processing shifts to this routine, at step 300, ECU30 will wait to turn on an ignition switch (1 
G/SW) 19, and will shift processing to step 310. 

[0061] At step 310, ECU30 judges whether the gas column distinction sensor 25 is unusual. ECU30 
makes this judgment based on the judgment result in the "abnormality judging manipulation routine" 
mentioned above. Here, when the above-mentioned decision result is negation, as what has 
abnormalities in the gas column distinction sensor 25, ECU30 shifts to step 460, carries out an injection 
halt of the fuel, and once ends subsequent processing. That is, clausilium of each injector 7 is carried out 
compulsorily. When this decision result is affirmation, ECU30 shifts processing to step 320 as what 
does not have abnormalities in the gas column distinction sensor 25. 

[0062] At step 320, it judges whether ECU30 has performed injection at the time of first time starting. 
When this decision result is affirmation, in order to perform injection at the time of first time starting, 
ECU30 shifts processing to step 330. When this decision result is negation, in order to perform injection 
at the time of starting after the first time, ECU30 shifts processing to step 390. 
[0063] At step 330, ECU30 waits to change the average AVI of the angle-of-rotation signal VI into a 
crank angle by the "gas column distinction manipulation routine" which waited to decide a starting bell- 
crank angle, namely, mentioned it above, and shifts processing to step 340. 

[0064] the gas column in which ECU30 should perform injection at step 340 at the time of first time 
starting - each ~ it specifies out of gas column #l-#6. ECU30 specifies an injection gas column based 
on the distinction result of the gas column before starting performed by the "gas column distinction 
manipulation routine" mentioned above at the time of this first time starting. 

[0065] Next, ECU30 reads the value of the cooling water temperature THW from a coolant temperature 
sensor 26 at step 350. And ECU30 computes injection timing at step 360 based on the value of the read 
cooling water temperature THW, respectively at the time of the injection quantity and first time starting 
at the time of first time starting. With the gestalt of this operation, ECU30 computes [ by referring to the 
injection-quantity map and injection timing map which were set up beforehand ] injection timing at the 
time of the injection quantity and first time starting at the time of first time starting. 
[0066] Next, ECU30 judges whether the starter motor 17 was turned on at step 370. ECU30 makes this 
judgment based on the existence of ON signal from starting-switch 17a. When this decision result is 
negation, ECU30 once ends subsequent processing as that by which cranking of an engine 1 is not 
started. When this decision result is affirmation, ECU30 shifts processing to step 380. 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



12/19/2007 



f JP,2003-239790,A [DETAILED DESCRIPTION] 



Page 9 of 1 1 



[0067] ECU30 controls the injector 7 corresponding to an injection gas column by step 380 at the time 
of first time starting by which specification was carried out [ above-mentioned ], in order to perform 
injection based on injection timing at the time of first time starting at the time of the injection quantity 
and first time starting at the time of first time starting by which calculation was carried out [ above- 
mentioned ]. 

[0068] On the other hand, it shifts from step 320 and ECU30 judges whether the engine speed NE from 
the rotational-speed sensor 24 is one or less predetermined value N at step 390. Here, the predetermined 
value Nl is a value which should serve as a standard of the completion of starting of an engine 1, for 
example, "400rpm" can be applied. When this decision result is affirmation, ECU30 shifts processing to 
step 400 as what starting of an engine 1 has not completed. 

[0069] At step 400, ECU30 reads the value of the angle-of-rotation signal VI from one linear sensor 31 
of the gas column distinction sensor 25, and the value of the cooling water temperature THW from a 
coolant temperature sensor 26, respectively. 

[0070] next, the time of starting which should perform injection at step 410 based on the value of the 
angle-of-rotation signal VI with which ECU30 was read this time at the time of starting - an injection 
gas column ~ each - it specifies out of gas column #l-#6. ECU30 refers to the map shown in drawing 9 
(a) and (b) from the value of the angle-of-rotation signal VI - the value of the angle-of-rotation signal 
VI - the value of a crank angle - changing - from the value of the changed crank angle -- each - the 
location on a series of strokes concerning gas column #l-#6 is distinguished, and an injection gas 
column is specified at the time of starting. 

[0071] Next, ECU30 computes injection timing at step 420 based on the value of the angle-of-rotation 
signal VI read this time and the cooling water temperature THW at the time of starting. With the gestalt 
of this operation, ECU30 computes injection timing by referring to the injection timing map set up 
beforehand at the time of starting. 

[0072] Next, ECU30 computes the value of the angular velocity VCA of a crankshaft 4 at step 430 
based on the angle-of-rotation signal VI. With the gestalt of this operation, ECU30 computes the 
difference of the value of two angle-of-rotation signals VI acquired for every predetermined time as a 
value of angular velocity VCA. 

[0073] Next, ECU30 computes the value of the injection quantity at step 440 based on the value of the 
computed angular velocity VCA and the read cooling water temperature THW at the time of starting. 
With the gestalt of this operation, ECU30 computes the value of the injection quantity by referring to the 
fuel-oil-consumption map set up beforehand at the time of starting. 

[0074] And in order to perform injection at the time of starting, at the time of starting by which 
calculation was carried out [ above-mentioned ], based on the value of the injection quantity, ECU30 
controls the injector 7 corresponding to an injection gas column at the time of specified starting, and 
once ends subsequent processing at step 450 at the time of injection timing and starting. 
[0075] On the other hand, ECU30 shifts to the "usual fuel-injection control" mentioned above as what 
starting of an engine 1 completed when the decision result of step 390 was negation. 
[0076] Here, an example of the behavior of the various parameters concerning the above-mentioned 
fuel-injection control is explained with reference to the timing diagram shown in drawing 1 1 (a) - (i). 
[0077] As shown in drawing 1 1 (a), ON of an ignition switch (IG/SW) 19 specifies an injection gas 
column (for example, " 1 No. gas column #1 ") at the time of day t2 just behind that in time of day tl 
based on the value of the angle-of-rotation signal VI detected at the time of first time starting, as shown 
in this drawing (d) and (f). 

[0078] Then, as shown in drawing 1 1 (f), (g), and (i), based on the value of the cooling water 
temperature THW detected, the injection quantity is computed at time of day t3 at the time of injection 
timing and first time starting at the time of first time starting. 

[0079] And as shown in drawing 1 1 (c), based on the value of the injection quantity, injection is 
performed [ at the time of day t4 immediately after turning on the starter motor 17 ] at the time of first 
time starting at the time of injection timing and first time starting at the time of first time starting by 
which calculation was carried out [ above-mentioned ]. 
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[0080] Then, as shown in drawing 1 1 (d), (f), and (g), based on the value of the angle-of-rotation signal 
VI and the cooling water temperature THW, injection timing is computed at time of day t5 at the time of 
starting. 

[0081] Then, as shown in drawing 1 1 (f), (h), and (i), based on the value of the cooling water 
temperature THW and angular velocity VCA, the injection quantity is computed at time of day t6 at the 
time of starting. 

[0082] And as shown in drawing 1 1 , based on the value of the injection quantity, injection is performed 
at time of day t7 at the time of the next starting at the time of injection timing and starting at the time of 
starting by which calculation was carried out [ above-mentioned ]. 

[0083] According to the fuel-injection control device of the gestalt of this operation explained above, at 
the time of starting of an engine 1 by ECU30 the value of the angle-of-rotation signal VI continuously 
detected by the gas column distinction sensor 25 - being based - each the upper location is 
distinguished for an exhaust air line, and the gas column which takes for injection based on the 
distinction result at the time of starting after the first time or the first time is specified [ a series of 
inhalation-of-air lines concerning gas column #l-#6 ] for a compression stroke and an expansion line. 
[0084] Moreover, the value of injection timing is computed by ECU30 at the time of the injection 
quantity and first time starting at the time of first time starting which reflected the standby of an engine 
1 about injection based on the value of the cooling water temperature THW from a coolant temperature 
sensor 26 at the time of first time starting. And in order to perform injection at the time of first time 
starting, the injector 7 corresponding to an injection gas column is controlled by ECU30 at the time of 
first time starting by which specification was carried out [ above-mentioned ] immediately after 
initiation of cranking based on the value of the injection quantity at the time of injection timing and first 
time starting at the time of first time starting by which calculation was carried out [ above-mentioned ]. 
<BR> [0085] Furthermore, the value of injection timing is computed by ECU30 at the time of starting 
which reflected the standby of an engine 1 about injection based on the value of the angle-of-rotation 
signal VI detected, respectively and the cooling water temperature THW at the time of starting after the 
first time. Moreover, based on the value of the above-mentioned angle-of-rotation signal VI by which 
detection is carried out, the value of the angular velocity VCA of a crankshaft 4 is computed by ECU30. 
And based on the value of these angular velocity VCA and the cooling water temperature THW, the 
injection quantity is computed by ECU30 at the time of starting corresponding to the magnitude and 
standby of friction of an engine 1. And in order to perform injection at the time of starting after the first 
time, based on the value of the injection quantity, the injector 7 corresponding to an injection gas 
column is controlled by ECU30 at the time of starting by which specification was carried out [ above- 
mentioned ] at the time of injection timing and starting at the time of starting by which calculation was 
carried out [ above-mentioned ]. 

[0086] Therefore, at the time of starting of an engine 1, when a crankshaft 4 begins to rotate, while the 
fuel injected from the injector 7 corresponding to it is supplied from from to the proper gas column (at 
the time [ At the time of first time starting ] of an injection gas column and starting injection gas 
column) which starts like an inhalation-of-air line, to an injection gas column, the fuel of the amount (at 
the time of starting injection quantity) corresponding to the magnitude of the friction of an engine 1 is 
supplied at the time of starting after the first time. For this reason, variation does not arise in the standup 
of starting of an engine 1, stabilization of the improvement in startability of an engine 1 can be attained, 
the fuel consumption of an engine 1 can be improved and reduction of the exhaust air emission of an 
engine 1 can be aimed at. 

[0087] Moreover, in the gestalt of this operation, since the injection quantity becomes a thing 
corresponding to the standby of an engine 1 at the time of starting after the first time, irrespective of the 
difference at the time of starting between the colds, and elevated-temperature starting, the injection 
quantity can be optimized at the time of starting, and the improvement in startability of an engine 1 can 
be further stabilized in that semantics. 

[0088] By the way, with the gestalt of this operation, the value of angular velocity VCA and the cooling 
water temperature THW is used by calculation of the injection quantity at the time of starting after the 
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first time, and only the value of the cooling water temperature THW is used by calculation of the 
injection quantity at the time of first time starting. When this computes the injection quantity at the time 
of first time starting, it is because it cannot ask for angular velocity VCA from the angle-of-rotation 
signal VI . However, with the gestalt of this operation, at the time of first time starting, by injection, 
since an injection gas column is specified from a cranking early stage at the time of first time starting, 
and a fuel can be supplied and can be burned at an early stage, it is that semantics and the standup of 
starting of an engine 1 can be made prompt. 

[0089] In addition, this invention is not limited to the gestalt of said operation, and can also be carried 
out as follows in the range which does not deviate from the meaning of invention. 
[0090] (1) Although the injection quantity was computed based on the value of angular velocity VCA 
and the cooling water temperature THW, you may make it compute the injection quantity with the 
gestalt of said operation only based on the value of angular velocity VCA at the time of starting after the 
first time at the time of starting after the first time. 

[0091] (2) Although ** of a non-contact type was used with the gestalt of said operation as linear 
sensors 3 1 and 32 which constitute the gas column distinction sensor 25, the linear sensor of a contact 
process which consists of a potentiometer etc. can also be used. 

[0092] (3) Although two linear sensors 3 1 and 32 were formed in the cam shaft 33 which is interlocked 
with a crankshaft 4 and rotated with the gestalt of said operation, you may make it form two linear 
sensors in the revolving shaft which makes a crankshaft and an axis the same. 

[0093] (4) Although the linear sensors 3 1 and 32 of a pair constituted the gas column distinction sensor 
25 from the gestalt of said operation, a gas column distinction sensor may consist of one linear sensor. 
[0094] (5) With the gestalt of said operation, although the fuel-injection control device of this invention 
was applied to the tandem-type six cylinder engine 1, it is not limited to a six cylinder engine, but can 
also apply to the inline engine of the other numbers of gas columns, or the V-type engine of the various 
numbers of gas columns. 
[0095] 

[Effect of the Invention] According to the configuration of invention according to claim 1, the gas 
column which should be carried out fuel injection based on the angle of rotation of a crankshaft at the 
time of engine starting is specified, the angular velocity of a crankshaft is computed, and the injection 
quantity is computed at the time of starting which balanced the magnitude of friction based on the 
angular velocity. And in order to carry out fuel supply to the gas column specified, based on the 
injection quantity, a fuel-injection means is controlled at the time of starting computed. Therefore, at the 
time of engine starting, when a crankshaft begins to rotate, while a fuel is supplied from from to the 
proper gas column which starts like an inhalation-of-air line, the fuel of the amount which balanced the 
magnitude of engine friction to the same proper gas column is supplied. For this reason, engine 
startability can be raised, stabilization of that improvement in startability can be attained, engine fuel 
consumption can be improved, and engine exhaust air emission can be reduced. 
[0096] According to the configuration of invention according to claim 2, unlike invention according to 
claim 1, the injection quantity is computed based on angular velocity and standby at the time of starting. 
Therefore, at the time of engine starting, when a crankshaft begins to rotate, while a fuel is supplied 
from from to the proper gas column which starts like an inhalation-of-air line, the fuel of the amount 
corresponding to the engine magnitude and the standby of friction is supplied. For this reason, engine 
startability can be raised, much more stabilization of that improvement in startability can be attained, 
engine fuel consumption can be improved, and engine exhaust air emission can be reduced. 
[0097] According to the configuration of invention according to claim 3, the same operation and 
effectiveness as invention according to claim 1 or 2 can be acquired by specifying concretely the 
configuration of an angle-of-rotation detection means and a gas column distinction means. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 3] 
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[Drawing 7] 
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